Certain of the antibody-like factors found in the sera of patients with systemic lupus erythematosus and some other diseases do not show the species specificity typical of immune phenomena. For example, Asherson (1) and Deicher, Holman, and Kunkel (2) have demonstrated reactions of such serum factors with nuclei, nucleoprotein, DNA, I mitochondria, microsomes, and insoluble cytoplasmic proteins isolated from human liver, rat liver, and calf thymus. This serum-tissue cross-reactivity has been one of the disturbing features of the concept that serum factors in systemic lupus erythematosus represent specific auto-antibodies. As part of a study of the antimitochondrial serum factors found in systemic lupus erythematosus, antimitochondrial antibodies were induced in rabbits by injection of rat liver mitochondria. These rabbit antibodies reacted with enzymes within the mitochondria (3), and lacked species and organ specificity. The species specificity of antibodies to enzymes, therefore, came under consideration.
Methods
Immunization Procedure.--CrystalFme bovine, hepatic L-glutamic dehydrogenase (Sigma Chemical Company, St. Louis) and mitochondria isolated from rat liver by the procedure used by Deicher et al. (2) were used as antigens, emulsified in Freund's complete adjuvant. 5 ml of bovine glutamic dehydrogenase (10 mgm of protein per milliliter, diluted with 0.44 ~r sucrose) or a rat liver mitochondrial suspension in 0.44 ~t sucrose was added to 5 ml of bayol F, 2.5 ml of falba, and 31.25 mg of human tubercle bacilli (I-I~RV) and emulsified with an ultraturrax model TP 18/23 Rabbits were injected subcutaneously in the inguinal region with 2 ml of adjuvant-antigen emulsion 3 times during the 1st week and subsequently at 2-week intervals. The animals were bled 5 weeks after initial injection. Sera were separated at room temperature, heat inactivated at 56°C for 30 minutes and stored frozen. Antibody titers were measured by complement fixation as described by Lennette (5) .
Globulin fractions of many sera were prepared by ammonium sulfate precipitation. The (NI~)2SO~ was added slowly to the serum to a final concentration of 1.6 M. After overnight refrigeration, the precipitate was washed twice in 1.6 ~ (Nt-I4)2SO~ solution, dissolved in saline, and dialyzed against at least six changes of 100 volumes of isotonic NaC1.
Enzyme Preparations.--In the following, the sucrose solution used was 0.44 ~, and the potassium phosphate buffer 0.05 ~, pH 7.6; all materials were kept at 0--4°C during handling. Crystalline bovine L-glutamic dehydrogenase was diluted with sucrose. Glutamic dehydrogenase was prepared from mitochondria from the livers of rats, rabbits, frogs, and humans (obtained at autopsy), and from frog kidney. The washed mitochondrial pellet was reconstituted in a volume of sucrose corresponding to the initial weight of the organ used, and the enzyme was solubilized by treatment with the ultra-turrax for 30 to 120 seconds. After centrifugation at 37,000 g for 15 minutes, the supernatant solutions were used in the enzyme assays.
Pigeon liver L-glutamic dehydrogenase was prepared from pigeon liver acetone powder (Sigma); I00 mg of acetone powder were extracted by shaking with two 5 ml portions of phosphate bui~er for 30 minutes; the particulate matter was allowed to settle, and the supernatant strained through 4 layers of cheese cloth. The two extracts were combined and dialyzed overnight against 100 volumes of the buffer.
Frog muscle L-glutamic dehydrogenase was prepared by homogenization of cleaned leg muscles in 1 volume of phosphate buffer in a Waring blendor for 5 minutes, and subsequently with the ultra-turrax for 90 seconds. The homogenate was centrifuged at 37,000 g for 20 minutes, and the supernatant material used for the enzyme assays.
Yeast enzyme was extracted from Fleishmann's dry baker's yeast (Saccharomyces sp.).
After two washings with the phosphate buffer, the yeast particles were suspended in 1 volume of buffer and homogenized with the ultra-turrax for 60 seconds. After centrifugation at 37,000 g for I0 minutes, the supernatant solution was dialyzed overnight against i00 volumes of buffer.
Enzyme Assay.--The assay procedure was a modification of that described by Strecker (6) . 0.I ml of diluted enzyme preparation was mixed successively with 0.i ml of antibody or control rabbit serum, 1.7 ml of phosphate buffer, 0.2 ml of 0.5 M sodium glutamate, 0.2 ml of 0.01 M KCN, and 0.2 ml of DPN (3 #m/ml). Formation of DPNH was determined spectrophotometrically at 340 m~ during room temperature incubation or fluorometrically following 37°C incubation for varying periods, using the method of Lowry for autofluorescence of DPNH (7).
Lactla dehydrogenase activity was determined spectrophotometrically by the method of Neilands (8) .
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Lineweaver-Burk plots of the enzyme kinetic data were done following calculation of the line of best fit by the method of least squares (9) . Table I gives the titers found by complement fixation when representative rabbit sera were assayed against bovine glutamic dehydrogenase and rat liver mitochondria. Sera from rabbits immunized with bovine L-GDH gave good titers with both antigens.
RESULTS

Antibody Titers.--
TABLE I
Complement fixation titers of rabbit antisera
In (A), the antigen was bovine L-GDH, diluted 1:100 (0.2 mg protein/ml). In (B), the antigen was stock rat liver mitochondrial suspension diluted 1:100. Rabbits B-t6 and B-18 were immunized with bovine L-GDH; rabbits B-19 and B-20 were immunized with rat liver mitochondria. Rabbits BC-24 and BC-50 received adjuvant alone. 2. Enzyme Inhibition.--Sera from the antigen-injected rabbits inhibited the activity of the bovine glutamic dehydrogenase in vitro, compared to control sera. The degree of inhibition was analyzed over a wide range of enzyme concentrations; when the enzyme concentration was decreased, the percentage of the total enzyme activity inhibited by a constant amount of antiserum increased (Table II A) ; at low enzyme concentrations marked inhibition was obtained with diluted antiserum (Table IIB) . (Table III) .--Antisera produced by injection of bovine hepatic glutamic dehydrogenase inhibited the specific bovine enzyme used as antigen as well as glutamic dehydrogenases from human, rabbit, rat, pigeon, and frog livers. Preparations with the same enzyme activity from frog kidney were also inhibited by these antisera. Each of the above enzymes was active with either DPN or TPN as cofactors, although the activity with DPN was approximately twice that with TPN. Glutamic dehydrogenase prepared from frog muscle, which was active with DPN but showed almost no activity with TPN, was also inhibited by these sera. Glutamic dehydrogenase prepared from yeast, which requires TPN but is inactive with DPN, was not inhibited.
Species Specificity
TABLE II A. Degree of inhibition of bovine L-GDLI by rabbit anllsera at different enzyme concentrations
Inhibition by antisera expressed as percent of the activity found under the same conditions in the presence of control rabbit serum. 4. Enzyme Specifidty.--As a test of the specificity of the inhibitory action of the antisera, their effect on lactic dehydrogenase was determined. Amounts of enzyme which gave rates of activity similar to those employed in most of the glutamic dehydrogenase studies were used. No difference between the effect of antibody and control sera on the activity of lactic dehydrogenase was observed.
5. Specificity of Antiserum.--Antiserum obtained from rabbits injected with whole rat liver mitochondria did not cause inhibition of bovine (or rat) hepatic glutamic dehydrogenase with the conditions used in the above assays. However, a small degree of inhibition could be detected under the conditions found to be most sensitive for assaying antiglutamic dehydrogenase serum (3.3 X 10 -6 mg of enzyme protein/ml, incubated for 16 hours at 37°C).
6. The Nature of the Inhibitor in the Antisera.--The enzyme inhibition assays were repeated using reconstituted gamma globulin obtained by ammonium sulfate precipitation. Reconstitution in the volume of saline corresponding to the original volume of serum gave effects similar to those obtained with the original control sera and antisera.
Absorption of the antisera with the specific antigen (bovine L-GDH) removed the inhibitor. These studies were done by preliminary incubation of the antisera with bovine glutamic dehydrogenase (0.04 mg of enzyme protein in 1.0 mi of phosphate buffer, 0.05 ~, pH 7.6, and 1.0 ml of a I to 8 saline dilution of serum) at 37°C for 1 hour, followed by overnight refrigeration at 4°C. The No inhibition serum was then heated at 56°C for 1 hour to inactivate the enzyme, centrifuged at 37,000G for 30 minutes to remove the precipitate and the supernatant assayed for inhibitory effect on fresh bovine glutamic dehydrogenase. Complete removal of the inhibitory effect of the antisera was found. Similar incubation and heating of these sera without added enzyme failed to alter the inhibitory action, and similar treatment of control serum also had no effect.
Mechanism of Inhibition of the Enzyme by
Antibody.--An attempt was made to determine whether the mechanism of inhibition of the various glutamic dehydrogenases was competitive or non-competitive. The bovine L-GDH used as specific antigen would be expected to have multiple antigenic sites which could combine on incubation with specific antiserum. Combination with the active catalytic site might result in competitive inhibition, but combination at other sites would be expected to inhibit enzyme activity non-competitively, perhaps by steric hindrance (4). On the other hand, if the active catalytic site of L-GDH from other species was the only site of cross-reaction with antiserum against bovine L-GDH, competitive inhibition would result, and the degree of inhibition would decrease as substrate concentration was increased. As shown in Fig. 1 , increase in substrate concentration resulted in decreased percentage inhibition of pigeon and rat glutamic dehydrogenase, but caused little change in the degree of inhibition of the bovine enzyme. This was found with variations in concentration of glutamate (Fig. 1A) and DPN (Fig. 1B) . Standard Lineweaver-Burk double reciprocal plots (Fig. 2) of the data for pigeon L-GDH revealed intersection at the vertical axis of the lines for activity of enzyme in the presence of antiserum and control serum, as would occur with competitive inhibition. Similar results were obtained using rat glutamic dehydrogenase. On the other hand, the plots of activity of bovine enzyme in the presence of antiserum and control serum failed to intersect at either axis, a result suggesting mixed competitive and non-competitive inhibition. Analysis of these data by calculation of the maximum enzyme velocity at theoretical infinite substrate concentration (the reciprocal of the intercept at the vertical axis) showed that the antiserum no longer inhibited the pigeon and rat enzymes at infinite substrate concentration, as occurs in competitive inhibition. Inhibition of the bovine enzyme still occurred, indicating that inhibition was not purely competitive (Table IV A) . On the other hand, the Michaelis-Menton constant (Kin) from these plots (Table IV B) showed evidence for some degree of competitive inhibition with bovine as well as the heterospecific enzymes tested. These kinetic data, therefore, are characteristic of competitive inhibition with the heterospecific enzymes, but indicate a mixed competitive and non-competitive inhibition with the specific antigen, the bovine enzyme.
DISCUSSION
The concept of specificity of antibodies has been stressed since the observation that recovery from an infectious disease can result in specific immunity to that particular disease (10). The specificity of antibodies to protein antigens has been used as a basis of taxonomic classification since cross-reactions are usually limited to closely related species.
The species specificity of antibodies may not be as consistent in the case of enzyme antigens, since the catalytically active site or prosthetic group may be similar or identical in enzymes with the same activity from different species. Thus, cross-reactions between similar enzymes from different species might result. Antibody reacting with the catalytic site would be expected to compete with substrate for that site and thereby inhibit the activity of the enzyme. The reported findings with antibody to glutamic dehydrogenase support these theoretical considerations.
There have been several recent studies of species specificity of antibodies to other enzymes (11) (12) (13) (14) . Using precipitation techniques, Marshall and Cohen (11) demonstrated that rabbit antibody to frog carbamyl phosphate synthetase cross-reacted with enzymatically active extracts from the liver of a variety of ureotelic animals, including rat, monkey, salamander, and turtle. These sera did not give any reaction with comparable extracts from chicken or several species of fish which are not ureotelic and did not have demonstrable carbamyl phosphate synthetase activity. It is of interest that goat antibody to the same frog enzyme did not show cross-reactions with the other sources of enzyme. Henion and Sutherland reported variation in the extent of reaction of antiserum with phosphorylases of different organs and species (13) . We have found crossreactions with antisera from rabbits injected with whole rat liver mitochondria. These sera inhibited rat liver and kidney mitochondrial DPNH oxidase, and also inhibited rabbit mitochondrial DPNH oxidase (3, 14). Enzyme prepara-tions from the liver and kidney of injected rabbits were inhibited by the sera obtained from the same individual rabbits (14) .
Antibodies which can inhibit activity may be useful for the study of some aspects of the nature of the catalytic site of enzymes. Data obtained in this study indicate a basic similarity in the nature of the catalytic sites of glutamic dehydrogenases obtained from several animals species. The antigenic slmilarity of enzyme obtained from muscle, liver, and kidney is of interest since the muscle enzyme differs in that it shows no activity with TPN. The absence of crossreaction of the antisera with yeast glutamic dehydrogenase, which is inactive with DPN, presumably indicates a difference in the active site of the yeast enzyme.
The demonstration that antibodies to enzymes can show a lack of species specificity might account for the finding in the sera of patients with systemic lupus erythematosus of antibody-like factors which react with enzyme-containing cell components from a variety of animal species. Lack of species specificity can no longer be used as evidence to question the antibody nature of these factors in lupus serum. Since antibodies to an enzyme usually inhibit the activity of the enzyme (4), the possibility exists that these factors might act as auto-antibodies, reacting with and inhibiting enzyme activity in the individual producing the antibody.
SU~rMAR¥
Antibodies to crystalline bovine hepatic L-glutamic dehydrogenase were induced in rabbits. These antibodies inhibited the bovine glutamic dehydrogenase used as antigen, and also inhibited glutamic dehydrogenases from rat, rabbit, human, pigeon, and frog livers, as well as frog renal and muscle glutamic dehydrogenase. The antibody did not inhibit yeast glutamic dehydrogenase which differs from the animal enzymes in cofactor requirement. The kinetic characteristics of the inhibition of the bovine glutamic dehydrogenase indicate mixed competitive and non-competitive inhibition, suggesting reaction with multiple antigenic sites; the data indicate competitive inhibition of the enzyme from other species, suggesting reaction with the catalytic site. 
